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ABSTRACT

Key steps of development of silicon - based image sensors are reviews and

explained chronologically. And different aspects of the image sensor

chip design are discussed. Historical Sony Bipolar Transistor and

Image Sensor Technology and Chip Design Efforts are explained in details,

that gave a strong hint and motivation for the author's new challenge

on the Sony P+PNPP+ Double Junction type Photodiode for Solar Cells.
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What is Semiconductor ?

AI Robot, Atom Boy, standing 
for SDGs with Electronic Vision,
   powered by Solar Energy. 
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Signal Transfer Line
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Electrical Shutter Scheme invented
   by Yoshiaki Hagiwara at Sony.

All-CCD  Two Chip Video Camera

designed and developed 
   by Yoshiaki Hagiwara 
         at Sony in 1980

free from any mechanical parts
         and any film media.
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free from any mechanical parts
         and any film media.



1.05

Intel  E/D MOS Transistor
 with Self-Aligned S/D Formation

SONY P+PN+NPP+Double Junction
             Bipolar Transistor Transistor
             with Very Low Emitter and
                    Collector Resistance 

Sony Bipolar Transistor Portable Radio 
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Some Basic Concepts for understanding  Semiconductor Device Physics
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Compton Effect 1923

Einstein and Compton received Nobel Prize in 1927.

Some Basic Concepts for understanding  Semiconductor Device Physics
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Why N+NPP+ single junction solar cell has a limited conversion efficiency ? 
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Some Basic Concepts for understanding  Semiconductor Device Physics
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Intel  E/D MOS Transistor with Self-Aligned S/D Formation
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N

Conventional Floating-Surface 
N+PP+ Single Junction Photodiode
                          Used in  
      Classical NMOS Image Sensor
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This is a  Pinned-surface
Grounded CCD/MOS 
Photo Capacitor with
no image lag and also
a perfect  vertical 
overflow drain (VOD)
Function, capable of
the electrical shutter 
function capability. 

Fairchild Pinned-Surface  CCD/MOS Photo Capacitor Sensor with Vertical Overflow Drain
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The surface P+ hole accumulation is floating with RC delay time constant to the substrate. 
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This is not a pinned photodiode.
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Sony Double Junction Photodiode Sensor with Vertical Overflow Drain 



0.03].6]/1]QMLW @gnmj_p Rp_lqgqrmp N)NLNN) Bms`jc Hslargml rwnc Qmj_p Acjj,nbd

0.03].7]/.]QMLW @gnmj_p Rp_lqgqrmp N)NLNN) Bms`jc Hslargml rwnc Qmj_p Acjj,nbd

Hagiwara_SSDM1978_Paper_on_Pinned_Buried_Photodiode.pdf

2.43

https://202011282002569657330.onamaeweb.jp/AIPS_Library/2025_08_13_SONY%20Bipolar%20Transistor%20P+PNPP+%20Double%20Junction%20type%20Solar%20Cell,%20%20JPA2020-131313,%20Aug%201,%202020%20by%20Yoshiaki%20Daimon%20Hagiwara.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/2025_09_10_SONY%20Bipolar%20Transistor%20P+PNPP+%20Double%20Junction%20type%20Solar%20Cell,%20%20JPA2020-131313,%20Aug%201,%202020%20by%20Yoshiaki%20Daimon%20Hagiwara.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/9_P1978_Pinned_Photodiode_1978_Paper_by_Hagiwara_7_Pages.pdf


0.03].7]/.]QMLW @gnmj_p Rp_lqgqrmp N)NLNN) Bms`jc Hslargml rwnc Qmj_p Acjj,nbd

Hagiwara_SSDM1978_Paper_on_Pinned_Buried_Photodiode.pdf

2.44

https://202011282002569657330.onamaeweb.jp/AIPS_Library/2025_09_10_SONY%20Bipolar%20Transistor%20P+PNPP+%20Double%20Junction%20type%20Solar%20Cell,%20%20JPA2020-131313,%20Aug%201,%202020%20by%20Yoshiaki%20Daimon%20Hagiwara.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/9_P1978_Pinned_Photodiode_1978_Paper_by_Hagiwara_7_Pages.pdf


2.45



Hagiwara
SSDM1978

2.46



2.47


